MICROBIC VIRULENCE AND HOST SUSCEPTIBILITY IN PARATYPHOID-ENTERITIDIS INFECTION OF WHITE MICE. I by Webster, Leslie T.
MICROBIC VIRULENCE AND HOST SUSCEPTIBILITY 
IN PARATYPHOID-ENTERITIDIS INFECTION 
OF WHITE MICE.  I. 
BY LESLIE T. WEBSTER, M.D. 
(From the Laboratories of The Rockefeller  Institute for Medical Research.) 
(Received for publication, March 15, 1923.) 
Earlier  reports  1-s on  the  study of mouse  typhoid  infection  have 
been concerned with a  single strain  of bacilli.  We wish now to  de- 
scribe a series of experiments on mice with six related strains of para- 
typhoid-enteritidis  bacilli  isolated  from  man  and  an~mais.  In  a 
first  communication  we  propose  to  consider  the  effect  of  repeated 
intraperitoneal  passage  on  the  virulence  of  the  several  strains  and 
in a second  4 to analyze the equilibrium between the virulence of each 
strain  and  the individual  and  group  resistances  of the various  mice 
employed. 
EXPERrM'02NTAI,. 
The mice were raised at The Rockefeller Institute in the breeding 
station  already described3  Animals  of one age and nearly uniform 
weight were chosen and fed on a diet of bread and m~lk.  For reasons 
of economy of space and care two mice were placed in each 8 by 10 
inch battery jar.  The strains  of paratyphoid-enteritidis  bacilli used 
for inoculation  have  been  described  in  earlier  papers  ~a  and  can  be 
identified  from  their  designations  which  follow:  Mouse  Typhoid  I 
(M. T. I), Bacillus enteritidis  (Gaertner),  Mouse Typhoid II  (M. T. 
1  Flexner, S., J. Exp. Med., 1922, xxxvl, 9. 
Amoss, H. L., J. Exp. Med.,  1922, xxxvi, 25, 45.  Amoss,  H. L., and Hasel- 
bauer, P. P., J. Exp. Med., 1922, xxxvl, 107. 
3  Webster, L. T., Y. Exp. ivied., 1922, xxxvi, 71, 97; 1923, xxxvii, 21', 33,231,269. 
4 Webster, L. T., J. Exp. ]tied., 1923, xxxviii, 45. 
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II),  Bacillus  pestis  caviaz,  Bacillus  aertrycke  (mutton), and Bacillus 
paratyphosus  B. s 
In  dealing  with  these  several  strains  in  which  the  cultural  and 
serological reactions are so nearly alike, particular care is required in 
order  to  avoid  error.  To  emphasize  this  point,  we  have  interpo- 
lated a  table which summarizes  the fermentation and  agglutination 
reactions of the several strains  and indicates  their  relative pathoge- 
nicity for mice  (Table I). 
Experiment/.--The  six strains grown on agar slants were transferred to broth, 
incubated for 18 hours, and then diluted as follows: 1 : 10, 1 : 100, 1 : 1,000, 1 : 10,000, 
1:100,000, and l:l,000,000.  Two mice were given intraperitoneally 1 cc. of each 
dilution.  By the usual plating method, the number of bacteria per cubic centi- 
meter in each dilution was estimated.  All the mice succumbing were submitted to 
autopsy and cultures made from the heart's blood and spleen.  The  growths 
obtained were checked by tests outlined in Table I. 
The identified broth culture from the heart's blood of the first mouse to die of 
each series after suitable dilutions was used to inject the next series of mice.  Each 
of the six strains underwent from four to eight passages in this manner;  control 
titrations were then made with the original unpassed  strains taken directly from 
the stock agar tube. 
Tables  II  and  III illustrate  the  manner  of recording duration  of 
life of the mice used in each passage of every strain.  Text-figs. 1 to 
6 plot the results of the entire experiment in a  convenient manner by 
showing  the  virulence of the  given strain  in  five different dilutions 
for each consecutive passage.  No progressive increase in  virulence 
for each passage in any dilution of any strain or appreciable difference 
between the virulence of the passed culture and the control unpassed 
culture was observed.  The occasional discrepancy in  the  otherwise 
uniform  results  will  be  accounted  for  later  on  the basis of differ- 
ences in individual host susceptibility. 
Text-fig. 7 compares the intraperitoneal virulences of the six strains 
in  four  different  dilutions.  It  may  be  seen  that  in  all  dilutions, 
s M.  T. I  is a  mouse  typhoid  strain isolated from a  spontaneous case  and 
closely related culturally and serologically to B.  enteritidis (Gaertner).  M.T. II 
is the mouse typhoid strain employed throughout our series of studies.  It has been 
identified with/~, pestis cad~ and related very closely to/~. aertrycke  (mutton). 
t~. pestis cavice, 1~. enteritidis (Gaertner), B. aertrycke (mutton), and B.  paraty- 
phosus B are stock strains obtained from Dr. Charles Krumwiede. °,~ 
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Strains  M.  T.  I  and  Bacillus enteritidis  are  most  virulent  and  are 
quite similar;  that  Strains M.  T. n  and Bacillus aertrycke (mutton) 
have the same degree of virulence, which is less than the enteritidis 
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TExT-FIG. 1.  Intraperitoneal virulence of Strain M. T. I. 
In Text-figs.  I to 6 the "Average duration of life in days" represents the mean 
survival time of the two mice used for each dilution.  "Average number of bacteria 
per mouse" represents the mean of the nearest comparable figures for each passage. 
strains;  and  that  Bacillus pestis  cavi~  and Bacillus paratyphosus  B 
show  the  least  virulence. 
In  brief,  then,  under the  conditions  of the  experiment, intraperi- 
toneal  mouse  passage  did  not  affect the  virulence  of  six  strains  of 
paratyphoid-enteritidis bacilli. Aver~a~e  duration  of  ]i~e  IAvera~e  No. 
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TEXT-FIG.  2.  Intraperitoneal  virulence  of Strain  B.  e~gHdis. 
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TExT-Fro.  3.  Intraperitoneal  virulence  of Strain  M.  T.  II. 
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Experiment  2 was planned  to determine  the effect of direct intra- 
peritoneal  mouse passage  without  intermediate  artificial  cultivation 
on the virulence of the  six strains  of paratyphoid-enteritidis  bacilli. 
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TExT-FIc. 4.  Intraperitoneal virulence of Strain B. pestis cavi6e. 
Method.--Broth  cultures from the six stock agar tubes were incubated 6  hours 
and injected in 1 cc. quantities each intraperitoneally into three mice.  24 hours 
later, these mice were either dead or dying.  From the living  mice, 0.5 cc. of blood 
was taken from the heart and mixed with an equal volume of 2 per cent sodium 
citrate in 0.85 per cent salt solution.  The heart and spleen from the dead mice of 
the same series were ground in citrate solution in a mortar with sand and combined 
with the blood suspension,  s  The six resulting emulsions were shaken and diluted 
6 Preliminary test showed  that the bacteria taken from the blood during the 
course of a rapid fatal septicemia do not differ in virulence from those  recovered 
1 or 2 hours after death from spleen and heart emulsions. LESLIE  T.  WEBSTER  41 
1:100,  so that each contained about 3,000,000  organisms per cc.  1 cc. of this 
dilution of the emulsions was injected intraperitoneally into two mice.  24 hours 
later, these mice were found in a dying condition.  The above procedure was then 
repeated and continued for five passages.  The sixth or final passages were made 
as follows:  dilution  1:10,  two mice; 1:100,  five mice;  1:1,000,  five  mice; and 
l:10,000,  two mice.  At this time, control inoculations were made with 18 hour 
broth cultures from the stock agar tubes in the following  dilutions:  1:100,  two 
mice;  1:1,000,  five mice;  1:10,000,  five mice; and  1:100,000,  two mice.  The 
number of colonies per cubic centimeter of each culture was determined by dilution 
methods so that actual numbers of bacteria per mouse could be used in computing 
degrees of virulence. 
~vePage No. 
'bactePia 
peI' mouse 
3,500,000 
350.000 
35,000 
3,500 
350 
T~xT-FIo. 5.  Intraperitoneal virulence of Strain B. aertrycke (mutton). 
Text-fig. 8, which plots the results of this experiment in the manner 
described  for  Text-figs.  1  to  7,  shows  that  direct  intraperltoneal 
mouse  passage  without  intermediate  artifidal  cultivation  does  not 
affect the virulence of Strains M. T. I, Bacillus enteritidis,  M. T. II, 
and Bacillus  pestis  ¢avice.  However,  there  does seem to be  a  slight Aveea~e No. 
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TFxr-Fze. 6.  Intraperitoneal virulence of Strain B. paratyphosus B. 
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TExT-FxG. 7.  Intraperitoneal virulences of six paratyphoid-enteritidis strains. 
"Average duration of life  in  days"  represents  the  mean  survival  time  o{  all 
animals in all passages of the particular strain receiving roughly the same number 
of bacteria.  "Average number of bacteria per mouse" represents the mean of the 
nearest comparable figures for each of the six series. 
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TEXT-I~G. 8.  Effect of direct passage on the intraperitoneal  virulences of six 
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increase in virulence for each dilution of Bacillus aertrycke (mutton) 
and in one dilution for Bacillus paratyphosus B, but when the  aver- 
age duration of life of the passed culture is compared in the various 
dilutions  with  the  average results  shown  in  Text-fig.  7,  the  small 
differences actually become negligible. 
From these two experiments we may conclude  that  direct  intra- 
peritoneal passage from mouse to  mouse  of  certain strains of para- 
typhoid-enteritidis bacilli does not affect materially the basic  viru- 
lence. 
A  discussion of the above findings and a  further summary will be 
given in connection with the next paper of the series.* 